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Description 

Fixed Length Data Search Device, 
Method for Searching Fixed Length 
Data, Computer Program, and Computer 
Readable Recording Medium 

Background of Invention 

[0001] The present invention relates to a device and method for 
searching fixed length data that have a fixed data bit 
length, and a computer program as well as a computer 
readable recording medium, and particularly to a device 
and method for rapidly searching a MAC address in an in- 
ter-network relay device, and a computer program as well 
as a computer readable recording medium. 

[0002] a database for determining a relay destination used in a 
conventional inter-network relay device suffers from 
problems that, because multiple search keys are con- 
verted to the same hash value, it requires a long period of 
time to reconstruct a MAC table, or requires a long period 



of time to search data required in a MAC address table, 
compromising an efficient search even with hash func- 
tions. To solve these problems, it has been proposed, for 
example, to use a different table when learning from one 
when determining an actual relay destination, and provide 
memory pointers for both of the above hash tables for 
each entry of a MAC address for example as shown below. 
[0003] Published Unexamined Patent Application No. 

10-210066Among traditional network switches used for 
inter-network relay devices, such as L2 (the second layer 
of the Open System Interconnection (OSI) reference model) 
switch, L3 (the third layer of the OSI reference model) 
switch and the like, systems capable of supporting more 
than tens of thousands of MAC addresses can support a 
large number of servers and clients. They must, however, 
search all MAC addresses held in a MAC entry table mem- 
ory to locate a port corresponding to a MAC address be- 
fore they can identify the port associated with the MAC 
address. This would be a significant cause for reducing 
the performance of a switch for a large network switch 
means that has more than tens of thousands of MAC ad- 
dresses. 

[0004] Figure 11 shows a structure of a MAC address. A MAC ad- 



dress is used to identify a node connected to a data link, 
and is specified by IEEE802.3. A MAC address consists of a 
fixed length datum of 48 bits, and the 3 to 24 bit section 
of the datum indicates a vender identifier and the 25 to 
48 bit section indicates an identifier used within the 
vender. The vender identifier is an address formally called 
as an Organizationally Unique Identifier, or OUI, and man- 
aged by the IEEE for each vender so that the identifiers will 
never overlap with each other. The identifier used within 
the vender is an address managed by the vender for each 
product so that the identifiers will never overlap with each 
other. 

[0005] a destination MAC address that indicates a destination 

and a source MAC address that indicates a source are at- 
tached to the transmitted frames and packets, and are 
transmitted therewith. A switch means such as L2 switch, 
L3 switch, and router has a MAC entry table memory to 
identify a destination port for the frames or packets. The 
MAC entry table memory is a memory for storing a MAC 
address table, which is a list showing an association of a 
MAC address with the corresponding port etc. and retains 
information on a large number of MAC addresses. 

[0006] The MAC address table is created based on the source 



MAC address information separated from the header in a 
received frame. When the MAC address table is used to 
search a MAC address, a destination MAC address sepa- 
rated from the header in the received frame is used for 
this purpose. 

[0007] jo rapidly search any MAC address from more than a 

hundred thousands of MAC address table memories in a 
switch means, it is a common practice (1) to provide a 
cache memory that can temporally retain MAC addresses, 
and if the received MAC address has already been in the 
cache memory, the corresponding port address is re- 
trieved from the cache memory and the data are trans- 
ferred only to the port, and (2) if the destination MAC of 
interest has not yet retained in the above cache memory, 
the data need to be transferred to all ports except the 
source port by so-called broadcasting. 

[0008] | n the case of the above (1), it is difficult to store more 
than a hundred thousands of MAC addresses in a cache 
memory of a practical size, and when a switch means 
handles communications exceeding the amount that the 
cache can accommodate, more frequent broadcasts as de- 
scribed above (2) may occur. 

[0009] Broadcasting increases the load on the associated net- 



works because it is processed so that packets are simulta- 
neously placed onto every associated network. As a result, 
broadcasting may cause all networks to fall into a state as 
if they are temporally stopped, leading to the decreased 
throughput of the associated switch means. 

[0010] An example using a cache as described above (1) uses 
Content Addressable Memory, or CAM. Although using 
CAM enables to rapidly search a MAC address (also re- 
ferred to as a fast search hereinafter), CAM does not allow 
for the manufacturing of a CAM because of its construc- 
tion and cannot store a MAC address table with more than 
tens of thousands of entries. 

[0011] There may be some possible search methods when gen- 
eral memories are used to rapidly search a MAC address 
(a fast search) without using CAM. For example, (3) when 
more than a hundred thousands of MAC addresses are 
sorted in a way adapted to the search method, the quick 
search using a binary search, for example, can be used to 
search a MAC address within 18 times of memory ac- 
cesses if the number of entries of MAC addresses is 128k. 

[0012] jo use suc h an algorithm, however, the MAC address ta- 
ble must always be arranged to facilitate a search opera- 
tion. Some network hosts such as mobile products, how- 



ever, will not always make a connection at the same place. 
The correlation between some MAC addresses and port 
addresses of some switches/routers, therefore, may con- 
tinuously vary over time and may repetitively be added 
and removed. Data in the MAC entry table memory, there- 
fore, must regularly be rearranged in response to the ad- 
dition and removal of data in the MAC entry table mem- 
ory. The rearrangement requires a long period of time, 
typically between few milliseconds and several ten mil- 
liseconds, for entries more than a hundred thousands, 
and this substantially makes it impractical to use general 
memories for searching a MAC address. 

[0013] jo efficiently store inconsecutive data such as MAC ad- 
dresses, the following processes are involved: it is a com- 
mon practice (4) to associate a hash value generated by a 
hash function with a memory address in a memory pointer 
table so that entry data such as MAC addresses can be 
substantially dispersed by the hash method, correlating 
only one entry datum with each memory address in the 
MAC address table. 

[0014] it j Sj however, impossible to uniformly disperse memory 
addresses of all entry data because of inexistence of a 
perfect hash function. If different MAC addresses, or entry 



data for a function, coincide with each other in their hash 
values, multiple data are correlated with the same memory 
address in a MAC entry table memory storing a MAC ad- 
dress table. This requires a process of selecting one of the 
aforementioned multiple data during a search operation, 
and also requires that store addresses should be changed 
in response to the addition and removal of data in con- 
structing the MAC entry table, presenting problems that 
data should be rearranged, or an amount of memory sev- 
eral times larger than that of data expected to be stored 
should be provided to accommodate the maximum 
amount of data in consideration of duplication of memory 

addresses. 
Summary of Invention 

[0015] The present invention has been made to solve the prob- 
lems as described above, and it is a primary object of the 
invention to facilitate fast searching of a large number of 
fixed length data such as MAC addresses stored in a data 
table, and to provide a device or method or computer 
recording medium therefore. 

[0016] | n accordance with the above listed and other objects we 
provide, a fixed length data search device, fixed length 
data search method and a computer readable recording 



medium according to the invention are constituted to 
achieve the above object as follows: 

[0017] a fixed length data search device according to a first as- 
pect of the invention comprises a hash operation means 
for operating and outputting a hash value of an inputted 
fixed length datum, a data table memory consisting of N 
numbers of memory banks, where N is an integer that is 
more than and equal to 2, the data table memory for stor- 
ing a data table holding a large number of fixed length 
data, a pointer table memory for storing a memory pointer 
table holding a memory address at which each fixed 
length datum is stored with said hash value as an index, a 
comparison means for simultaneously comparing a plu- 
rality of fixed length data stored at the same memory ad- 
dress in said N numbers of memory banks with a single 
fixed length datum inputted to said hash operation 
means, the comparison means for outputting a result of 
the comparison. 

[0018] a fixed length data search device according to a second 
aspect of the invention is a device in which, in the fixed 
length data search device according to the first aspect of 
the invention, said comparison means comprises N num- 
bers of comparators for determining whether or not two 



fixed length data are identical, the device refers to said 
memory pointer table based on the hash value of the sin- 
gle fixed length datum inputted to said hash operation 
means, and refers to said data table based on a resulting 
memory address, said comparison means determines 
whether or not any of the fixed length data stored at the 
same memory address in said N numbers of memory 
banks matches with the single fixed length datum in- 
putted to said hash operation means and outputs the re- 
sult of the determination. 

[0019] a fixed length data search device according to a third as- 
pect of the invention is a device in which, in the fixed 
length data search device according to the first or second 
aspect of the invention, an identical datum to the single 
fixed length datum inputted to said hash operation means 
is searched in said data table through said hash operation 
means, and said single fixed length datum is registered 
with said data table if the datum has not been registered 
with said data table. 

[0020] a fixed length data search device according to a forth as- 
pect of the invention is a device in which, in the fixed 
length data search device according to the third aspect of 
the invention, each of separate fixed length data having 



the same hash value is stored at the same memory ad- 
dress of a different memory bank in said data table mem- 
ory. 

[0021] a fixed length data search device according to a fifth as- 
pect of the invention is a device in which, in the fixed 
length data device according to the third aspect of the in- 
vention, each of a plurality of fixed length data having a 
different hash value is stored at the same memory ad- 
dress of a different memory bank in said data table mem- 
ory. 

[0022] a fixed length data search device according to a sixth as- 
pect of the invention is a device in which, in the fixed 
length data search device according to any one of the first 
to the fifth aspect of the inventions, said fixed length data 
is a MAC (Media Access Control) address for network 
communications, and said data table memory is a MAC 
entry table memory for storing a MAC address table hold- 
ing a large number of MAC addresses. 

[0023] a fixed length data search device according to a seventh 
aspect of the invention comprises a hash operation means 
for using two types of hash functions to determine a first 
and second hash values of an inputted fixed length da- 
tum, a data table memory consisting of N numbers of 



memory banks, where N is an integer that is more than 
and equal to 2, the data table memory for storing a data 
table holding a large number of fixed length data, a 
pointer table memory for storing a main memory pointer 
table holding a memory address at which each fixed 
length datum is stored with said first hash value as an in- 
dex, and a subordinate memory pointer table holding the 
memory address at which each fixed length datum is 
stored with said second hash value as an index, and a 
comparison means for simultaneously comparing a plu- 
rality of fixed length data stored at the same memory ad- 
dress in said N numbers of memory banks with a single 
fixed length datum inputted to said hash operation 
means, the comparison means for outputting a result of 
the comparison. 

[0024] a fixed length data search device according to an eighth 
aspect of the invention is a device which, in the fixed 
length data search device according to the seventh aspect 
of the invention, comprises a pointer selector table using 
said first hash value as an index to indicate which one of 
said two memory pointer tables should be referred to 
when a fixed length datum is inputted. 

[0025] a fixed length data search device according to a ninth as- 



pect of the invention is a device in which, in the fixed 
length data search device according to the eighth aspect 
of the invention, when the number of stored data of fixed 
length data having the same first hash value exceeds N, a 
pointer in said pointer selector table corresponding to the 
first hash value of a fixed length datum to be newly stored 
is set to said subordinate memory pointer table, and a 
plurality of fixed length data that have the same second 
hash value and that are different from each other are dis- 
persed and each stored at the same address of a different 
memory bank in said data memory, said memory address 
at which the datum is stored is managed with said subor- 
dinate memory pointer table. 

[0026] a fixed length data search device according to a tenth as- 
pect of the invention is a device in which, in the fixed 
length data search device according to the ninth aspect of 
the invention, said comparison means comprises N num- 
bers of comparators, said comparators simultaneously 
compare all bits to determine whether or not two fixed 
length data are identical. 

[0027] a fixed length data search device according to a 11th as- 
pect of the invention is a device which, in the fixed length 
data search device according to the ninth aspect of the in- 



vention, refers to said pointer selector table based on the 
first hash value of the single fixed length datum inputted 
to said hash operation means, refers to said main memory 
pointer table or subordinate memory pointer table ac- 
cording to the pointer in said table, and refers to said data 
table based on a resulting memory address, said compari- 
son means determines whether or not any of the fixed 
length data stored at the same memory address in said N 
numbers of memory banks matches with the single fixed 
length datum inputted to said hash operation means and 
outputs the result of the determination. 

[0028] a fixed length data search device according to a 12th as- 
pect of the invention is a device in which, in the fixed 
length data search device according to the ninth aspect of 
the invention, another fixed length datum having the 
same first hash value as an inputted fixed length datum 
has not been registered with said data table, said inputted 
fixed length datum is stored in said data table memory, 
and said memory address at which the datum is stored is 
managed with said main memory pointer table. 

[0029] a fixed length data search device according to a 13th as- 
pect of the invention is a device in which, in the fixed 
length data search device according to any one of the sev- 



enth to the 12th aspect of the inventions, said fixed 
length data is a MAC (Media Access Control) address for 
network communications, and said data table memory is a 
MAC entry table memory for storing a MAC address table 
holding a large number of MAC addresses. 

[0030] a 14th aspect of the invention is a computer program 
causing a computer to function as an information pro- 
cessing device according to any one of the first to 13th 
aspect of the inventions. 

[0031] a 15th aspect of the invention is a computer readable 

recording medium, on which a computer program accord- 
ing to the 14th aspect of the invention is recorded. 

[0032] a method of searching fixed length data according to a 
16th aspect of the invention comprises the steps of per- 
forming hash operation to operate and output a hash 
value of an inputted fixed length datum, referring, based 
on said operated hash value, to a memory pointer table 
holding a memory address at which each fixed length da- 
tum is stored with said hash value as an index, reading N 
numbers of fixed length data stored at an address pointed 
by a pointer in said memory pointer table from a data ta- 
ble stored in a data table memory consisting of N num- 
bers of memory banks, where N is an integer that is more 



than and equal to 2, the data table holding a large number 
of fixed length data, and simultaneously comparing said 
read N numbers of fixed length data with said inputted 
single fixed length datum, and outputting a result of the 
comparison. 

[0033] a method of searching fixed length data according to a 
17th aspect of the invention is a method in which, in the 
method of searching fixed length data according to the 
16th aspect of the invention, in said step of comparing, 
comparing processes determining whether or not two 
fixed length data are identical are simultaneously per- 
formed for said read N numbers of fixed length data by 
parallel processing. 

[0034] a method of searching fixed length data according to a 
18th aspect of the invention is a method which, in the 
method of searching fixed length data according to the 
16th or 17th aspect of the inventions, comprises the steps 
of searching an identical datum to said inputted single 
fixed length datum in said data table based on its hash 
value, and registering said inputted single fixed length 
datum with said data table if said identical datum has not 
been detected in said step of searching. 

[0035] a method of searching fixed length data according to a 



19th aspect of the invention is a method in which, in the 
method of searching fixed length data according to the 
18th aspect of the invention, in said step of registering, 
each of separate fixed length data having the same hash 
value is registered with the same memory address of a 
different memory bank in said data table memory. 

[0036] a method of searching fixed length data according to a 
20th aspect of the invention is a method in which, in the 
method of searching fixed length data according to the 
18th aspect of the invention, in said step of registering, 
each of a plurality of fixed length data having a different 
hash value is registered with the same memory address of 
a different memory bank in said data table memory. 

[0037] a method of searching fixed length data according to a 
21st aspect of the invention is a method in which, in the 
method of searching fixed length data according to any 
one of the 16th to 20th aspect of the inventions, said 
fixed length data is a MAC Access Control) address for 
network communications, and said data table memory is a 
MAC entry table memory for storing a MAC address table 
holding a large number of MAC addresses. 

[0038] a method of searching fixed length data according to a 
22nd aspect of the invention comprises the steps of per- 



forming a first hash operation to determine a first hash 
value of an inputted fixed length datum using a first hash 
function, performing a second hash operation to deter- 
mine a second hash value of an inputted fixed length da- 
tum using a second hash function, referring, based on 
said first hash value, to a main memory pointer table 
holding a memory address at which each fixed length da- 
tum is stored with said first hash value as an index, refer- 
ring, based on said second hash value, to a subordinate 
memory pointer table holding a memory address at which 
each fixed length datum is stored with said second hash 
value as an index, reading N numbers of fixed length data 
stored at an address indicated by a pointer in said main 
memory pointer table or said subordinate memory pointer 
table from a data table memory, the data table memory 
composed of N numbers of memory banks, where N is an 
integer that is more than and equal to 2, and the data ta- 
ble memory storing a data table holding a large number of 
fixed length data, and comparing said read N numbers of 
fixed length data with the inputted single fixed length da- 
tum. 

[0039] a method of searching fixed length data according to a 
23rd aspect of the invention is a method which, in the 



method of searching fixed length data according to the 
22nd aspect of the invention, comprises the step of refer- 
ring, based on said first hash value of the inputted fixed 
length datum, to a pointer selector table that uses said 
first hash value as an index to indicate which one of said 
two memory pointer tables should be referred to when the 
fixed length datum is inputted. 

[0040] a method of searching fixed length data according to a 
24th aspect of the invention is a method which, in the 
method of searching fixed length data according to the 
23rd aspect of the comprises the step of, when the num- 
ber of stored data of separate fixed length data having the 
same first hash value exceeds N in said data table, setting 
to said subordinate memory pointer table a pointer in said 
pointer selector table corresponding to the first hash 
value of a fixed length datum to be newly stored. 

[0041] j n which, in the method of searching fixed length data ac- 
cording to the 22nd aspect of the invention, said step of 
comparing comprises the step of comparing all bits of 
data in comparing each of read N numbers of fixed length 
data with the inputted fixed length datum. 

[0042] a method of searching fixed length data according to a 
26th aspect of the invention is a method which, in the 



method of searching fixed length data according to the 
22nd aspect of the invention, comprises the step of dis- 
persing a plurality of fixed length data that have the same 
second hash value and that are different from each other 
to store each thereof at the same address of a different 
memory bank in said data memory, and then registering 
said memory address at which the datum is stored with 
said subordinate memory pointer table. 
[0043] a method of searching fixed length data according to a 
27th aspect of the invention is a method which, in the 
method of searching fixed length data according to the 
22nd aspect of the invention, comprises the step of stor- 
ing an inputted fixed length datum in said data table 
memory if another fixed length datum having the same 
first hash value as said inputted fixed length datum has 
not been registered with said data table, and registering 
said memory address at which the datum is stored with 
said main memory pointer table, and further step of using 
an unused to store the inputted fixed length datum in said 
data table memory if any unused address exists, and if 
there is no unused address, storing the datum in a mem- 
ory bank that does not have any datum stored among 
used addresses. 



[0044] a method of searching fixed length data according to a 

28th aspect of the invention is a method in which, in the 

method of searching fixed length data according to any 

one of the 22nd to 27th aspect of the invention, said fixed 

length data is a MAC (Media Access Control) address for 

network communications, and said data table is a MAC 

address table holding a large number of MAC addresses. 
Brief Description of Drawings 

[0045] Figure 1 is a block diagram illustrating a first example ac- 
cording to the inventive fixed length data search device; 

[0046] Figure 2 is a functional block diagram of the fixed length 
data search device 10; 

[0047] Figure 3 is a block diagram of main parts of a MAC ad- 
dress search device shown as the second example of the 
inventive fixed length data search device; 

[0048] Figure 4 shows the case when each of multiple entry data 
with the same hash value is stored at the same address in 
multiple memory banks; 

[0049] Figure 5 is a flow chart illustrating a method for search- 
ing/registering a MAC address according to the second 
example of the invention; 

[0050] Figure 6 illustrates how entry data are allocated if no un- 
used address is available in the MAC entry table memory 



24; 

[0051] Figure 7 is a block diagram illustrating an example of a 
comparison means for simultaneously comparing 8 en- 
tries; 

[0052] Figure 8 illustrates an example of a comparator circuit in 
Figure 7; 

[0053] Figure 9 is a conceptual diagram illustrating a fixed length 
data search device according to a third example of the in- 
vention; 

[0054] Figure 10 is a flow chart illustrating a MAC address search 

process according to the third example of the invention; 
[0055] Figure 11 shows a structure of a MAC address; 

[0056] Figure 12 is a flow chart illustrating a MAC address regis- 
tration process according to the third example of the in- 
vention; and 

[0057] Figure 13 is a block diagram illustrating an exemplary 
configuration of hardware applicable to a computer pro- 
gram and computer readable recording medium according 

to the invention. 
Detailed Description 

[0058] Figure 1 is a block diagram illustrating a first example ac- 
cording to the inventive fixed length data search device. 



The fixed length data search device 10 shown in Figure 1 
comprises a hash operation means 11 for operating and 
outputting a hash value of inputted fixed length data, a 
data table memory 14 that consists of N numbers of 
memory banks, where N is an integer that is more than 
and equal to 2, and stores the fixed length data in the 
form of a data table, a pointer table memory 13 for stor- 
ing a memory address of each fixed length datum stored 
in the data table memory 14 in the form of a memory 
pointer table with the hash value as an index, a compari- 
son means 15 that simultaneously compares multiple 
fixed length data stored at the same memory address in 
the N numbers of memory banks with a single fixed 
length datum inputted to the hash operation means 11, 
and outputs a result of the comparison, and a control 
means 12 provided with CPU to control the entire fixed 
length data search device. The table memory 13 and data 
table memory 14 may be constructed in a single memory. 

[0059] Figure 2 is a functional block diagram of the fixed length 
data search device 10. The operation of the fixed length 
data search device 10 will now be described with refer- 
ence to Figure 1 and 2. 

[0060] a fixed length datum is inputted to a input terminal 9. 



The hash operation means 11 performs a hash function 
on the inputted fixed length datum, and determines a 
hash value HS. A pointer table reference means 33 refers 
to the pointer table memory 13 with the calculated hash 
value HS as an index, and determines whether or not a 
pointer exists at the corresponding address in the pointer 
table memory 13. Using the hash value as an index, the 
memory pointer table indicates an address in the data ta- 
ble memory 14 that stores the fixed length datum having 
the hash value. 
[0061] when the memory pointer table is referenced and a 
pointer is found at the corresponding address in the 
pointer table memory 13, the data table read means 35 
searches in the data table memory 14 based on the mem- 
ory address indicated by the pointer. The data table is a 
table for holding a large number of fixed length data, and 
the data table memory 14 is a memory for storing the 
data table. Each fixed length datum held in the data table 
is associated with various information on the fixed length 
datum, and a large number of fixed length data are corre- 
lated with associated information and held in the data ta- 
ble. 

[0062] The data table memory 14 consists of N numbers of 



memory banks, where N is an integer that is more than 
and equal to 2. A memory pointer ADR that is associated 
with the hash value determined in the hash operation 
means 11 may, therefore, be associated with up to N 
numbers of fixed length data in the data table memory 
14. This means that each pointer ADR in the memory 
pointer table indicates one of the memory addresses in 
the data table memory 14, up to N numbers of fixed 
length data may exist corresponding to the memory ad- 
dress ADR at corresponding memory addresses ADR in 
memory banks 1 to N. 

[0063] The comparison means 15 comprises N numbers of com- 
parators for comparing two fixed length data, determines 
whether or not the fixed length datum FDT inputted to the 
input terminal 9 is registered with the data table, and then 
a means for outputting the presence of the matched data 
output 39 outputs the result of the determination. Each 
comparator composing the comparison means 15 com- 
pares the fixed length datum FDT inputted to the terminal 
9 with a single fixed length datum read at an address ADR 
in a memory bank. 

[0064] The data table memory 14 stores up to N numbers of 

fixed length data at a memory address ADR using N num- 



bers of memory banks. If fixed length data are stored in 
two or more memory banks at an address ADR, compari- 
son between fixed length data stored at an address ADR 
and the fixed length datum FDT inputted to the input ter- 
minal 9 is simultaneously performed for multiple data. Up 
to N numbers of comparators, then, synchronously per- 
form the comparisons. 

[0065] if the comparison means 15 detects a datum that coin- 
cides with the fixed length datum FDT, data associated 
with the datum are outputted from an associated data 
output means 41. 

[0066] if the memory pointer table reference means 33 does not 
detect a pointer corresponding to the hash value HS out- 
putted from the hash operation means 11, this means that 
the corresponding datum is not stored in the data table 
memory 14, and then the memory pointer table reference 
means 33 outputs a signal indicating the absence of the 
pointer, while the means for outputting the presence of 
matched data 39 outputs a signal indicating the absence 
of a matched datum. A data registration means, or data 
store means, 43 then stores the fixed length datum in the 
data table, and registers the memory address thereof with 
the memory pointer table. Processes of storing in the data 



table and registering with the memory pointer table per- 
formed in the data registration means 43 may be per- 
formed separately from the search process. 

[0067] when a datum matched with the fixed length datum FDT 
inputted to the input terminal 9 is not detected by the 
comparison means 15 through the comparison even if a 
pointer corresponding to the hash value HS exists, this 
means that the fixed length datum FDT is not stored in 
the data table, and then the data registration means 43 
stores the fixed length datum FDT in the data table. In 
this case, because this means that there are entries with 
the same hash address, the multiple data are stored at the 
same addresses ADR in different memory banks, means 
that additional data are stored in any of available memory 
banks of N numbers of memory banks at the address ADR 
indicated by the pointer. 

[0068] As described above, even if multiple fixed length data 

with the same hash value should be stored in the data ta- 
ble, the memory pointer table do not have to be changed, 
and each of multiple fixed length data with the same hash 
value is stored at the same address in multiple memory 
banks in the data table memory 14 up to N numbers of 
data. When some fixed length data in the multiple fixed 



length data are removed, the memory pointer table also 
do not have to be changed, and rearrangement of data is 
not required in the data table. 

[0069] when a fixed length datum is searched, the inputted fixed 
length datum and fixed length data read from N numbers 
of memory banks in the data table memory may simulta- 
neously be compared by parallel processing to output 
search results in a very short time. 

[0070] The second example according to the invention will now 
be described by taking the case when the fixed length 
data is a MAC address as an example. 

[0071] Figure 3 is a block diagram of main parts of a MAC ad- 
dress search device shown as the second example of the 
inventive fixed length data search device. As used herein, 
"collision" is used to indicate that some data have the 
same hash value among multiple entry data. Multiple data 
with the same hash value are also called as "synonym" 
data. 

[0072] | n a MAC address search device 20 shown in Figure 3, a 

MAC entry table memory 24 corresponds to the data table 
memory 14 shown in Figure 1. It is assumed that the MAC 
entry table memory that stores a MAC address table is 
composed of 8 memory banks, as shown in Figure 3. 



[0073] | n this second example, a MAC address composed of 48 
bits is entered in a hash operation means, which is not 
shown, and a 16-bit hash value is outputted. A pointer in 
a memory pointer table indicates an address of the MAC 
entry table memory that stores the entered MAC address. 
The memory pointer table uses a hash value calculated 
from the inputted MAC address as an index. This means 
that the 16-bit data outputted as the hash value is associ- 
ated with an address in the pointer table memory. The 
hash value is thus used as an index to indicate the mem- 
ory address at which the MAC address is stored with the 
pointer in the memory pointer table. 

[0074] According to the MAC address search device 20 of the 

second example, data transfer by inserting and removing 
entry data can be eliminated in the MAC address table. In 
the MAC entry table memory updates, which frequently 
occur by relocation of connection points, removal func- 
tions possible in any arbitrary cycle and the like, memory 
access counts associated with the table reconstruction can 
be minimized. A larger portion of accesses can, therefore, 
be assigned to the search operations, and more ports can 
be supported. 

[0075] a specific example will now be described, assuming that 



hash functions are used, up to 8 data may be collided, up 
to 128k entries of MAC address data may be stored, and 
the hash value is 16 bits. 

[0076] The fixed length data search device 20 shown in Figure 3 
includes (1) a hash operation means 21 (not shown), (2) a 
control means 22 (not shown), (3) a pointer table memory 
23 for storing 64k ' 16 bit memory pointer table, (4) a 
MAC entry table memory 24 for storing 16k '8 '64 bit 
MAC address table, and (5) a comparison means 25 con- 
sisting of 8 comparator circuits. The MAC entry table 
memory 24 is composed of 8 memory banks. 

[0077] it should be noted that the MAC entry table memory 24 
has the address depth of 16k; reduced by a factor of 4 in 
comparison the address depth of 64k of the pointer table 
memory 23. 

[0078] a memory address at which a MAC address associated 

with the address in the pointer table memory 23 is stored 
is written in the memory pointer table as a pointer; one 
corresponding memory address in the MAC entry table 
memory 24 is written as a pointer, and the address at 
which the MAC address is stored can be found by refer- 
ring to the memory pointer table using a hash value as an 
index. 



[0079] when a MAC address is received, or a MAC address to be 
compared is inputted, the hash operation means 21 cal- 
culates a hash value of the MAC address. The memory 
pointer table is then referred to using the resulting hash 
value as the index. Then, based on the address in the 
MAC entry table memory indicated by the pointer, each of 
MAC addresses stored in 8 memory banks of the MAC en- 
try table memory 24 is read. In the comparison means 25, 
the read 8 data are compared with the MAC address to be 
compared that is separately provided. The comparison 
means 25 comprises 8 comparators, and each comparator 
compares one datum read from the MAC entry table 
memory with the MAC address to be compared to deter- 
mine whether the they are matched with each other, while 
8 comparators are synchronously operated by parallel 
processing. The comparison means 25 outputs the results 
of the comparisons. 

[0080] Figure 4 shows the case when each of multiple entry data 
with the same hash value is stored at the same address in 
multiple memory banks. A MAC address is stored in the 
MAC entry table memory 24, while the location at which a 
datum is stored (memory address) is indicated by a 
pointer in the memory pointer table. Each MAC address 



written in the MAC entry table memory 24 is associated 
with other information than the MAC address for storage. 
The data structure places Exist bit of 1 bit at the start, fol- 
lowed by additional information (other information) and 
MAC address (MAC entry data), as shown in Figure 4. The 
additional information includes a port number, etc. 
[0081] As described above, the MAC entry table memory 24 is 

composed of 8 memory banks of the same size. The Exist 
bit of a written memory area is ON. After a predetermined 
time elapses, the datum in the memory area is removed 
and the Exist bit is set to OFF. Not all the identical ad- 
dresses in 8 memory banks always store 8 data, and be- 
cause a memory area with the Exist bit set to OFF is not 
considered to hold a datum, the datum in the memory 
area is not subject to the comparison in the comparison 
means 25. 

[0082] |f multiple entries with the same hash value HI are cre- 
ated as a result of the hash operation on an inputted da- 
tum, these collided multiple MAC addresses (synonym 
data) are allocated to different memory banks at the same 
address in the MAC entry table memory 24 for storing 
them. 

[0083] For example, assume that all hash values for 8 MAC ad- 



dresses of Entry Data 1 to 8 are HI, as shown in Figure 4. 
Assuming that the pointer in the memory pointer table is 
PI in this case, the Entry Data 1 is stored at the address 
PI in the memory bank with the memory bank address of 
"000, "and the Entry Data 2 is stored at the address PI in 
the memory bank with the memory bank address of "001." 
Similarly, the Entry Data 8 is stored at the address PI in 
the memory bank with the memory bank address of "111." 
Eight entry data are thus stored at the same addresses in 
8 memory banks. 
[0084] | n contrast, multiple MAC addresses that their hash values 
are not collided with each other are allocated to a differ- 
ent addresses in the MAC entry table memory 24. When a 
datum should be added and no address in the MAC entry 
table memory 24 is available, the allocation may occur as 
shown in Figure 6, and Figure 6 will be described in detail 
below. 

[0085] Figure 5 is a flow chart illustrating a method for search- 
ing/registering a MAC address according to the second 
example of the invention. The process shown in Figure 5 
is executed when an entry datum is inputted to the MAC 
address device 20 shown in Figure 3, and both the search 
and registration processes are shown. 



[0086] | n Figure 5, the process proceeds to step S13 when a 

frame header is received in step Sll. In step S13, the des- 
tination MAC address is extracted from the frame header, 
and the process proceeds to step S15. In step S15, a hash 
value HI is determined using the extracted destination 
MAC address as an entry datum to a hash function, and 
the process proceeds to step S17. In step S17, the mem- 
ory pointer table is referred to using the calculated hash 
value HI as an index. In step S19, it is determined 
whether or not a pointer is written in the address HI in 
the memory pointer table, and if a pointer is found, then 
the process proceeds to step S21, and if not, then it pro- 
ceeds to step S23. 

[0087] | n s t e p S21, all memory banks in the MAC address table 
are referred to based on the memory address PI indicated 
by the pointer, and MAC addresses stored at the ad- 
dresses PI are read from 8 memory banks and the pro- 
cess proceeds to step S25. In step S25, the read 8 MAC 
addresses are simultaneously compared with a destination 
MAC address that is separately provided, or that is in- 
putted to the hash operation means, by parallel process- 
ing, and the process proceeds to step S27. In step S27, if 
a matched datum is found in the comparisons in step S25, 



then the process proceeds to S29, and if no matched da- 
tum is found, then it proceeds to step S23. In step S29, 
the MAC address and its port address are outputted and 
the flow ends. 

[0088] |f the process proceeds to step S23 from either step S19 
or S27, a signal is outputted indicating the absence of a 
matched datum in step S23, and the process proceeds to 
step S31. In step S3 1, a hash value is determined for the 
source MAC address transmitted along with the destina- 
tion MAC address, and the process proceeds to step S33. 
In step S33, the hash value determined in step S31 is used 
to search the source MAC address in the MAC address ta- 
ble, and if a matched datum is detected, the process pro- 
ceeds to step S37, and if not, the process to step S35. 

[0089] The search process in the step S33 is intended to include 
the similar comparisons to those in the step S25. This 
means that 8 MAC addresses read at the corresponding 
addresses in the MAC entry table memory 24 are simulta- 
neously compared with source MAC addresses to be reg- 
istered by parallel processing for performing a search op- 
eration. In step S35, the source MAC address and the as- 
sociated data are registered with an available address 
(unused address) in the MAC address table, and then a 



pointer is written in the memory pointer table to end the 
flow. 

[0090] | n s tep S37, if aging process is required, the process pro- 
ceeds to step S39, and if not, the flow ends. In step S39, 
the aging timer is reset to end the flow. 

[0091] what happens when no address is available in the MAC 

entry table memory 24 will be described below. Addition- 
ally, the new registration process in the flow from step 
S23 to step S3 5 may be performed separately from the 
search process. 

[0092] How a datum is added if no unused address is available in 
the MAC entry table memory 24 will now be described. 

[0093] Figure 6 illustrates how entry data are allocated if no un- 
used address is available in the MAC entry table memory. 
In the example shown in Figure 6, if no unused address is 
available for storing a new entry datum, the MAC address 
datum is allocated to an unused memory bank, if any, 
among used addresses in the MAC entry table memory. 
Three pointers corresponding three hash values different 
from each other, as shown in Figure 6, can be used to re- 
fer to the same addresses in the MAC address table. 

[0094] | n Figure 6, Hll denotes a hash value calculated by enter- 
ing Entry Data 1 to a hash function. Assume that the cor- 



responding pointer has a value Pll. Similarly, H12 and 
H13 denote hash of Entry Data 2 and 3, respectively, and 
assume that values of the corresponding pointers are P12 
and P13, respectively. Assume that the three hash values 
above have different values from each other. 

[0095] when the address Pll already has Entry Data 1 stored in 
the MAC address entry table, and no address is available 
in the MAC entry table memory, entering the Entry Data 2 
sets a pointer value P12 corresponding to a hash value 
H12 thereof to the same value of, for example, Pll de- 
scribed above, and entering the Entry Data 3 similarly sets 
a pointer value P13 corresponding to a hash value H13 
thereof to the same value of, for example, Pll described 
above. Multiple MAC address that are different in their 
hash values from each other are thus stored at the same 
addresses in multiple memory banks in the MAC entry ta- 
ble memory. More entry data can therefore be stored in a 
MAC entry table memory with the same capacity, or alter- 
natively, a MAC entry table memory capable of storing the 
predetermined number of entry data can be composed of 
a memory with a relatively less capacity. 

[0096] As described above, by referring to a memory pointer ta- 
ble using hash values as index, addresses in a MAC entry 



table memory indicated by the pointer will indicate their 
respective addresses in 8 memory banks, providing for si- 
multaneous accesses to 8 data by using a single pointer. 
[0097] Figure 7 is a block diagram illustrating an example of a 
comparison means for simultaneously comparing 8 en- 
tries. As shown in Figure 7, a MAC address received from 
an I/O device is stored in a register 51, and data are si- 
multaneously read from 8 memory banks. Entry Data 1 to 
8 denote MAC address data read at the same addresses of 
memory bank addresses "000"to "111", respectively, in 
the MAC entry table memory 24. The same addresses are 
those memory addresses given by a pointer in a memory 
pointer table. The Entry Data 1 to Entry Data 8 are in- 
putted to comparator circuit 1 to comparator circuit 8 that 
constitute the comparison means 25, respectively.MAC 
address read from the register 51 is inputted to all com- 
parators from 1 to 8. The comparator circuit 1, for exam- 
ple, simultaneously compares a 48-bit MAC address from 
the register 51 with a 48-bit Entry Data 1 on a per bit ba- 
sis, determines whether or not all bits in the two data are 
matched with each other, and if all bits thereof are 
matched while at the same time Exist bit is set to ON, a 
one is outputted to AND 1. Otherwise, a one is outputted 



to AND 9. 

[0098] Figure 8 illustrates a particular circuit of each comparator 
circuit in Figure 7. As shown in Figure 8, each comparator 
circuit is composed of 48 XNOR circuits, a 48-input AND 
circuit (AND 11), a 2-input AND circuit (AND 12), and an 
inverter circuit, in order to simultaneously compare 48-bit 
data and output results of the comparisons. In Figure 8, 
only one of 48 XNOR circuits are depicted. The AND 11 
ANDs 48 outputs of the XNOR. The 48 XNOR circuits si- 
multaneously compares 48 bits of output from the regis- 
ter 51 with 48 bits of the read MAC address, and 48 re- 
sults of the comparisons are provided to the AND 12. The 
AND 12 ANDs the output from the AND 11 with the Exist 
bit. As a result, if the two data are matched and the Exist 
bit is set to ON, the AND 12 outputs a one, and otherwise, 
the AND 12 outputs a zero. The inverter outputs the in- 
verted values. 

[0099] | n Figure 7, data are simultaneously compared by parallel 
processing in the comparator circuits 1 to 8. Although the 
illustration is simplified, the actual AND circuit arrange- 
ment of the AND 1 to 8 is provided with the number of 
AND circuits corresponding to the bit width of the entry 
data. Then, the AND 1, for example, ANDs one of outputs 



of the comparator circuit 1 with the Exist bit of the Entry 
Data 1, and sends the result to the output stage. The AND 
2 to 8 operates in the same way as the AND 1. As a result, 
a 8-bit datum indicating whether or not each of the Entry 
Data 1 to 8 is matched with the datum in the register 51 is 
outputted from the output stage. If any datum of 8 data is 
the matched datum, a memory bank storing the datum 
can be identified, and data associated the matched datum 
are read and outputted from the MAC address table, as 
required. If all the Entry Data 1 to 8 are not matched with 
the datum in the register 51, AND 9 returns a signal indi- 
cating "not equal." According to the circuit shown in Fig- 
ure 7, 8 data having the same memory address can simul- 
taneously be read and compared, so that all comparisons 
of 8 data can be completed in one memory cycle period. 
According to a search method of the invention, therefore, 
only two memory accesses are required for the search; 
one for each memory pointer table and MAC address ta- 
ble, completing the comparison and search operations 
only in two memory accesses. In addition, the memory 
pointer table and MAC address table can be placed in dif- 
ferent memory banks, enabling pipeline processing. In 
this case, a search operation in a MAC address table hold- 



ing multiple MAC addresses can substantially achieved 
only in one memory cycle. 
[0100] Figure 9 is a conceptual diagram illustrating a fixed length 
data search device according to a third example of the in- 
vention. In a fixed length data search device 30 shown in 
Figure 9, the pointer selector table is a table of 64k ' 1 bit 
in size, and selects one of two memory pointer tables as 
described below. The memory pointer tables include a 
main memory pointer table and subordinate memory 
pointer table. The MAC entry table memory 24 and com- 
parison means 25 are identical to those shown in Figure 
3. 

[0101] The main memory pointer table retains a memory address 
at which each MAC address is stored using a first hash 
value determined by a first hash function as the index. 
The subordinate memory pointer table retains a memory 
address at which each MAC address is stored using a sec- 
ond hash value determined by a second hash function as 
the index. The main memory pointer table and subordi- 
nate memory pointer table are stored in the pointer table 
memory. To search a MAC address, the aforementioned 
pointer selector table, two memory pointer tables, and the 
MAC address table may be stored in separate or may be 



stored in a single memory. 
[0102] | n t he third example, two hash functions are used to gen- 
erate two different memory pointer tables, and pointers in 
these memory pointer tables are used to specify an ad- 
dress of a MAC address table at which the MAC address is 
stored. Here, the hash functions are not specific but arbi- 
trary ones. 

[0103] when a MAC address is received, a first hash value of the 
entered MAC address is first determined by a first hash 
function. This determines a 16-bit hash value. The pointer 
selector table is then referred to using the calculated 
16-bit hash value as an index. If one bit in the table 
points to "Primary P," then an address of the MAC address 
table at which the MAC address is stored is identified by 
referring to the main memory pointer table using the hash 
value as the index. 

[0104] |f jt j S found that one bit in the pointer selector table 
points to "Secondary S" as a result of referring to the 
pointer selector table using the calculated hash value as 
an index, the following the following processing is per- 
formed: A second hash function different from the first 
hash function is used to determine another 16-bit hash 
value (second hash value). The calculated second hash 



value is then used as an index to refer to the subordinate 
memory pointer table, and an address of the MAC address 
table at which the MAC address is stored is determined 
from a value of the pointer. 

[0105] The value of one bit in the pointer selector table shows P 
of "Primary." If the number of hash values with the same 
address among hash values generated by the first hash 
function, however, exceeds N numbers of banks, the one 
bit of the pointer selector table is changed to indicate S of 
"Secondary." A second hash value is then calculated using 
the second hash function for multiple MAC addresses with 
a first hash value that is the same as the current first hash 
value, and the subordinate memory pointer table is re- 
ferred to using the hash value as an index. 

[0106] Specifically, 8 MAC addresses (1 to 8), for example, are 
registered with the MAC address table, and they all have 
hash values H3 determined by the first hash function. 
When another MAC address (9) is inputted and acquires 
the first hash value of the MAC address (9) that is the 
same as the hash value H3, a value corresponding to the 
hash value H3 in the pointer selector table is changed 
from "Primary" to "Secondary." The second hash values of 
MAC addresses (1 to 8) and the MAC address (9) are then 



calculated by the second hash function. In this case, the 
MAC addresses (1 to 8) are less likely to have the same 
second hash values as that of the MAC address (9). The 
calculated second hash value is then used to write each of 
the MAC addresses (1 to 8) and the MAC address (9) in the 
MAC address table, and memory addresses thereof is 
written in the corresponding areas in the subordinate 
memory pointer table. 

[0107] As described above, if hash values generated by the first 
hash function exceeds a predetermined N number and 
overlaps with each other, the second function is used to 
disperse the hash values. The main memory pointer table 
is thus used when the number of MAC addresses with the 
same first hash value is less than or equal to a predeter- 
mined number N, and the subordinate memory pointer ta- 
ble is used only when it exceeds the number N. For most 
of MAC entries, therefore, the main memory pointer table 
is specified, and the subordinate memory pointer table is 
specified only for some MAC entries that overlaps with 
each other in multiple hash values, facilitating efficient 
use of the memory pointer table. 

[0108] Second hash values of multiple MAC addresses calculated 
by the second hash function are less likely to be the same. 



A complete hash function capable of uniformly disperse 
hash values, however, does not exist, and the hash values 
may possibly to be the same. In this case, multiple entries 
with the same second hash value are registered with dif- 
ferent memory in the MAC entry table memory 24. Eight 
MAC entries with the same hash value, therefore, may be 
accepted in this example. 
[0109] | n another case, no unused address may be available in 

the MAC entry table memory 24 when an attempt is made 
to add a MAC address to the MAC address table after the 
first hash value has been determined by the first hash 
function. In this case, the MAC address is registered with 
an unused memory bank among used addresses. In this 
case, MAC addresses with different hash values may be 
registered with each memory bank with the same memory 
address, facilitating efficient use of the limited memory 
addresses. 

[0110] jo search a MAC address, the first hash value of the in- 
putted MAC address is determined by the first hash func- 
tion, the pointer selector table is referred to using the first 
hash value as the index, and either the main memory 
pointer table or subordinate memory pointer table is re- 
ferred to depending on "Primary" or "Secondary" indicated 



by the 1-bit datum to obtain an address to be read in the 
MAC entry table memory. Eight data stored at the address 
are simultaneously read, and the inputted MAC address is 
simultaneously compared with each of the read 8 data in 
the comparison means 25 and the result of the compari- 
son is outputted. 

Figure 10 is a flow chart illustrating a MAC address search 
process according to the third example of the invention. 
The process shown in Figure 10 is performed when an en- 
try datum is inputted to a MAC address search device 
30. In Figure 10, the process proceeds to step S53 when a 
frame header is received in step S51. In step S53, the des- 
tination MAC address is extracted from the frame header, 
and the process proceeds to step S55. In step 55, a first 
hash value H10 of the destination MAC address is deter- 
mined by a first hash function, and the process proceeds 
to step S57. In step S57, the pointer selector table is re- 
ferred to using the hash value as the index, and if the 
value points to P (Primary), the process proceeds to step 
S59, and if S (Secondary) is pointed, it proceeds to step 
S67. The initial value of the pointer is P. 
[° 112 ] In step S59, the main memory pointer table is referred to 
using the first hash value H10 as the index, and if a 



pointer exists, the process proceeds to step S61, and if 
not, it proceeds to step S73. In step S61, the MAC address 
table is searched for a datum that matches with the in- 
putted destination MAC address based on the pointer, and 
in step S63, if a matched datum is found, the process 
proceeds to step S65, and if not, it proceeds to step S73. 
The search process in step S61 is intended to include the 
similar comparisons to those in step S25 shown in Figure 
5, and they will not be described here. 

[° 113 ] In step S65, a port address corresponding to the matched 
data, or MAC address, is read from the MAC address ta- 
ble, and it is outputted along with the MAC address to end 
the flow. If the process proceeds from step S59 to step 
S73, a signal indicating the "absence of a matched datum" 
in step S73. Once the step S73 is processed, the flow 
ends, or alternatively, the process proceeds to the regis- 
tration of the source MAC address transmitted along with 
the destination MAC address for which no matched datum 
has been found. The registration of the source MAC ad- 
dress process will be described below. 

[0114] |f the process proceeds from step S57 to step S67, a sec- 
ond hash value H20 of the inputted MAC address is deter- 
mined by the second hash function, and the process pro- 



ceeds to step S69. In step S69, the subordinate memory 
pointer table is referred to using the second hash value 
H20 as the index, and based on the pointer, the MAC ad- 
dress table is searched for a datum that matches with the 
inputted destination MAC address. In step S71, if a 
matched datum is found, the process proceeds to step 
S65, and if not, it proceeds to step S73. 

[0115] Figure 12 is a flow chart illustrating a MAC address pro- 
cess according to the third example of the invention. The 
MAC address registration shown in Figure 12 may be per- 
formed after the step S73 shown in Figure 10, or may be 
performed independent of the search process. 

[0116] | n Figure 12, the source MAC address is extracted from 
the frame header in step S153, and the process proceeds 
to step S155. In step 155, a first hash value of the source 
MAC address is determined by a first hash function, and 
the process proceeds to step S157. In step S157, the 
pointer selector table is referred to using the hash value 
as the index, and if the value points to P (Primary), the 
process proceeds to step S159, and if S (Secondary) is 
pointed, it proceeds to step S167. The initial value of the 
pointer is P. 

[° 117 ] In step S159, the main memory pointer table is referred to 



using the first hash value as the index, and if a pointer 
exists, the process proceeds to step S161, and if not, it 
proceeds to step S177. In step S161, the MAC address ta- 
ble is searched for a datum that matches with the inputted 
source MAC address based on the pointer. The search 
process in step S161 is similar to those in step S33 as de- 
scribed in detail in the second example, and 8 MAC ad- 
dresses read at the corresponding address in the MAC en- 
try table memory 24 are simultaneously compared with 
the source MAC address to be registered by parallel pro- 
cessing for performing a search operation. In step S163, if 
a matched datum is found, the process proceeds to step 

5164, and if not, it proceeds to step S179. 

[° 118 ] In step S164, if aging process is required, the process 

proceeds to step S165, and if not, the flow ends. In step 

5165, the aging timer is reset to end the flow. 

[0119] |f the process proceeds from step S159 to step S177, the 
inputted source MAC address and the associated data are 
registered with the main memory pointer table and the 
MAC address table to end the flow. In the registration 
process in the step S177, any unused address in the MAC 
entry table memory the unused address is used for the 
registration. If no unused address is available, a memory 



bank already in use among used addresses is used for the 
registration. In this case, multiple data with different hash 
values may be stored at the same memory address. 

[0120] |f the process proceeds from step S163 to step S179, 
whether or not an available bank (unused bank) exist is 
examined in step S179, and the process proceeds to step 
S181 if any bank is available, and if not, it proceeds to 
step S183. In step S181, the source MAC address to be 
registered and the associated data are registered with the 
available bank in the memory address, and the flow ends. 
In step S183, second hash values are determined by the 
second hash function for multiple data with the same first 
hash value(synonym data), and based on the second hash 
values, they are registered with the subordinate memory 
pointer table and the MAC address table. 

[° 121 ] Among the multiple synonym data, multiple data already 
registered with the main memory pointer table are re- 
moved from the main memory pointer table. In addition, if 
there are multiple number of MAC addresses with the 
same second hash value, these data are stored at the 
same addresses in different memory banks in the MAC 
entry table memory. In step S185, the pointer in the 
pointer selector table is changed from P to S, and the flow 



ends. 

[0122] |f the process proceeds from step S157 to step S167, the 
second hash value H20 of the inputted source MAC ad- 
dress is determined by the second hash function, and the 
process proceeds to step S169. In step S169, the subordi- 
nate memory pointer table is referred to using the second 
hash value H20 as the index, and based on the pointer, 
the MAC address table is searched for a datum that 
matches with the inputted source MAC address. In step 
S171, if a matched datum is found, the process proceeds 
to step S164, and if not, it proceeds to step S175. 

[° 123 ] In step S175, the inputted source MAC address is regis- 
tered the subordinate memory pointer table and the MAC 
address table to end the flow. If multiple MAC addresses 
with the same second hash value exist in the process in 
the step S177, they are stored at the same addresses in 
different memory banks in the MAC entry table memory 
24. 

[0124] As described in detail in the second example, the third 

example may also facilitate efficient use of the MAC entry 
table memory, and the size of the MAC entry table mem- 
ory 24 may be reduced because a single memory address 
in the MAC entry table memory 24 can be referred to 



through different pointers. Additionally, a MAC address 
can be searched in a very short time because multiple 
MAC addresses read at the same addresses in multiple 
memory banks are simultaneously compared by parallel 
processing. 

[0125] The time required to perform a search operation in the 
third example increases by one memory cycle compared 
to the second example. The MAC address table that re- 
tains a large number of MAC address may, however, re- 
quire 2 or 3 memory cycles to perform a search operation; 
it can be performed in a short time. 

[0126] As described in detail above, embodiments according to 
the present invention enables a search operation to 
rapidly be performed in a data table storing a large num- 
ber of fixed length data on the order of 1 to 3 memory 
cycles. In addition, a device and method of the invention 
for searching fixed length data may be applied to search- 
ing and registering of MAC addresses often used in net- 
work communications, as described above with reference 
to the examples. The present invention may also be ap- 
plied to a computer program for functioning a computer 
as an information processing device that adopts a device 
and method for searching fixed length data according to 



the invention. In addition, the present invention may also 
be applied to a computer readable recording medium that 
stores the above computer program. 

[0127] Figure 13 is a block diagram illustrating an exemplary 
configuration of hardware applicable to a computer pro- 
gram and computer readable recording medium according 
to the invention. 

[0128] | n Figure 13, a computer system 70 includes a CPU 53, a 
storage device 55, and an input/output device 57, con- 
nected to a system bus 51. The central processing unit 
(CPU) 53 comprises at least an arithmetic unit and a con- 
trol unit, and the storage device 55 is composed of, for 
example, an internal main storage memory, a hard disk 
drive, or floppy disk drive. When a computer program ac- 
cording to the invention is installed in the computer sys- 
tem 70, it is stored in the hard disk drive and is loaded 
into the main storage memory as required. The main stor- 
age memory in the storage device 55 or a cache memory 
included in the CPU 53 may constitute a pointer table 
memory and data table memory, etc. according to the in- 
vention. The input/output device 57 can include multiple 
input/output ports to externally communicate data. In the 
storage device 55, for example, the hard disk drive or 



floppy disk drive can read the program from a recording 
medium according to the invention in which the computer 
is recorded. 



